Objective-To examine the value of progranmmed electrical stimulation of the heart in predicting sudden death in patients receiving amiodarone to treat ventricular tachyarrhythmias after myocardial infarction. Design-Consecutive patients; retrospective study. Setting-Referral centre for cardiology, academic hospital. Patients-106 patients with ventricular tachycardia (n = 77) or ventricular fibrillation (n = 29) late after myocardial infarction. Interventions-Programmed electrical stimulation was performed while on amiodarone treatment for at least one month. Measurements and main results-In 80/106 patients either ventricular fibrillation (n = 15) or sustained monomorphic ventricular tachycardia (n = 65) was induced. After a mean follow up of 50 (SD 40) months (1-144), 11 patients died suddenly and two used their implantable cardioverter defibrillator. By multivariate analysis two predictors for sudden death were found: (1) inducibility of ventricular fibrillation under amiodarone treatment (P << 0.001), and (2) a left ventricular ejection fraction of < 40% (P < 0.05). The survival rate at one, two, three, and five years was 70%, 62%, 62%, and 40% respectively for patients in whom ventricular fibrillation was induced, and 98%, 96%, 94%, 94% for patients with induced sustained monomorphic ventricular tachycardia. Where there was no sustained arrhythmia, five year survival was 100%.
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Conclusions-In patients receiving amiodarone because of life threatening ventricular arrhythmias after myocardial infarction, inducibility of ventricular fibrillation, but not of sustained monomorphic ventricular tachycardia, indicates a high risk of sudden death.
(Heart 1996;75:23-28) Keywords : ventricular arrhythmias; programmed electrical stimulation; sudden death; myocardial infarction Studies in the early eighties suggested that programmed electrical stimulation cannot accurately predict recurrences of ventricular tachycardia/ventricular fibrillation during amiodarone treatment.L "This resulted in the suggestion that high risk patients should be treated with amiodarone empirically without the aid of invasive testing.4 More recently, the prognostic value of programmed electrical stimulation in the evaluation of amiodarone treatment for ventricular tachyarrhythmias has again been analysed.5-12 Variables helpful in predicting ventricular tachycardia recurrence and sudden death in those studies included: persistent ability to induce the clinical arrhythmia, a change in the mode of induction, and modifications of the index arrhythmia while the patient was on amiodarone.
The purpose of our study was to re-examine the value of programmed electrical stimulation of the heart in predicting sudden death in patients receiving amiodarone because of ventricular tachyarrhythmias after myocardial infarction.
Methods

PATIENTS
The study population consisted of 106 consecutive patients, 92 males and 14 females, with myocardial infarction and sustained ventricular tachyarrhythmias treated with amiodarone, in whom a programmed electrical stimulation study was (40) months (range 1-144), 29 patients died (27%). Eleven of the deaths were sudden (10%). Two patients in whom a defibrillator was implanted and who received appropriate shocks for haemodynamically poorly tolerated ventricular arrhythmias, as documented by ventricular interval measurements (ventricular rates of 200 to 230/min), were added to the sudden death group. Therefore the total sudden death group consisted of 13 patients (11 with sudden death, two needing a defibrillator shock).
Sudden death occurred in (1) nine patients in whom ventricular fibrillation was induced (six with sustained monomorphic ventricular tachycardia and three with ventricular fibrillation as their index arrhythmia); (2) in three patients of the induced sustained monomorphic ventricular tachycardia group; and (3) in one patient in whom no sustained arrhythmia was induced. The last four patients had sustained monomorphic ventricular tachycardia as their index arrhythmia. Twelve patients had cardiac death (12%), pump failure occurred in nine patients, and a new myocardial infarction in three. Six patients had a non-cardiac death (6%).
Sudden death in patients using amiodarone because of ventricular tachyarrhythmias In patients with sustained monomorphic ventricular tachycardia as the presenting arrhythmia less ventricular fibrillation was induced and there was a lower incidence of sudden death (P < 0-001). Six out of 11 patients (54%) in whom ventricular fibrillation was induced on amiodarone treatment and in whom the same ventricular arrhythmia was the index arrhythmia died suddenly. Stepwise logistic regression analysis of the clinical, haemodynamic, and electrophysiological data showed that inducibility of ventricular fibrillation (P < 0-001) and a low left ventricular ejection fraction (< 40%) (P < 0 05) were independent predictors for sudden death. Syncope or cardiac arrest during the index arrhythmia, and ventricular fibrillation as the clinical arrhythmia were found to be of borderline statistical significance (P = 0 07 and 009 respectively). Of importance was the finding that inducibility of sustained monomorphic ventricular tachycardia while on amiodarone was not a predictor for sudden death. Surgery During follow up, 18 patients underwent coronary artery bypass surgery because of new ischaemia (13 patients from the sustained monomorphic ventricular tachycardia and five from the ventricular fibrillation index arrhythmia group). Twelve patients had arrhythmia surgery because of ventricular tachycardia recurrences (all were from the sustained monomorphic ventricular tachycardia index arrhythmia group). Three underwent aneurysmectomy alone (one patient died during surgery), five had endocardial resection and aneurysmectomy, and four underwent cryoablation and aneurysmectomy (two patients died, one from chronic lung disease and the other one from pump failure after surgery). One patient who underwent arrhythmia surgery is still on amiodarone.
Side effects Side effects were observed in seven out of 106 patients (7%). Severe peripheral neuropathy requiring drug discontinuation occurred in one patient. Moderate toxicity was observed in six patients and included visual disturbances in one and hypothyroidism in one. Both patients were continued on amiodarone on a dose of 100 mg daily. Symptomatic AV block either in the AV node (n = 2) or distal to the AV node (n = 2) necessitated permanent cardiac pacing in four patients.
Current treatment (fig 3) At the time of writing, 56 of the 75 patients who were still alive were receiving antiarrhythmic drugs. Forty five patients were on amiodarone alone. Six patients were taking amiodarone in combination with another antiarrhythmic drug (amiodarone and fle-cainide, n = 1; amiodarone and propafenone, n = 4; amiodarone and mexitil, n = 1). Antiarrhythmic drugs other than amiodarone were being used by five patients. This included d-sotalol (n = 1), sotalol (n = 1), and /3 blockers (n = 3). Two patients were without antiarrhythmic drug treatment.
A programmable cardioverter defibrillator was implanted in nine patients because of spontaneously recurring, haemodynamically poorly tolerated ventricular tachyarrhythmias in spite of amiodarone treatment (five patients from the sustained monomorphic ventricular tachycardia and four from the ventricular fibrillation group). One of these patients died postoperatively from sepsis. Two patients had used their defibrillator (Medtronic 7217B) because of ventricular fibrillation in one and fast, haemodynamically poorly tolerated ventricular tachycardia in the other. One patient had documentation of slow ventricular tachycardias not requiring use of the device. In the remaining five patients no spontaneous ventricular tachyarrhythmias requiring electrical treatment had occurred. Two of eight living patients were on antiarrhythmic drugs, one on amiodarone and one on d-sotalol.
Discussion
Our study suggests that programmed electrical stimulation of the heart in patients treated with amiodarone because of sustained monomorphic ventricular tachycardia or ventricular fibrillation after a myocardial infarction allows identification of those patients who are at high risk of dying suddenly.
Inducibility of ventricular fibrillation under amiodarone treatment for at least one month was the strongest predictor of sudden death by univariate and multivariate analysis. A low left ventricular ejection fraction (< 40%) was also an independent predictor of sudden death. Syncope or cardiac arrest during the index arrhythmia and the index arrhythmia itself (sustained monomorphic ventricular tachycardia/ventricular fibrillation) showed a trend in the multivariate analysis.
Sudden death occurred in 60% of patients in whom ventricular fibrillation was induced on amiodarone treatment and in 21% of patients in whom ventricular fibrillation was the index arrhythmia.
In patients with sustained monomorphic ventricular tachycardia as their index arrhythmia ventricular fibrillation was less often induced (5%) and there was a lower incidence of sudden death (9%). Induction of a sustained monomorphic ventricular tachycardia or failure to induce a sustained ventricular arrhythmia did not identify patients prone to develop sudden death.
The positive predictive value of induced ventricular fibrillation was better (60%) than the positive predictive value of either clinical ventricular fibrillation (21 %) or a left ventricular ejection fraction of < 40% (15%).
There were no significant differences in the incidence of non-sudden cardiac death between the three groups.
REVIEW OF PUBLISHED REPORTS
The value of programmed electrical stimulation in assessing the efficacy of amiodarone treatment in patients with life threatening arrhythmias is still controversial. Some investigatorslA have reported a poor predictive value of programmed electrical stimulation in patients taking amiodarone, whereas others5-7 consider it predictive.
McGovern et a16 found two significant independent predictors of recurrent arrhythmias: persistence of inducibility of ventricular tachycardia during electrophysiological testing, and a lowered left ventricular ejection fraction. In their study the type of induced ventricular tachycardia (non-sustained or sustained) was not mentioned. Also, fatal (sudden death) and non-fatal events (recurrent ventricular tachycardia) were analysed together.
Klein et a18 found that easier induction of ventricular tachycardia during amiodarone treatment versus control was highly predictive of arrhythmia recurrence. In their paper sudden death and recurrent ventricular tachycardia were also not differentiated.
Kadish et a19 looked for predictors of recurrent ventricular tachycardia and sudden death. No predictor of recurrent ventricular tachycardia was found. However, they did find predictors of cardiac arrest or sudden death. These included haemodynamic instability of the arrhythmia induced on electrophysiological testing during amiodarone treatment, younger age, low left ventricular ejection fraction, the presence of a left ventricular aneurysm, and a poorly tolerated rhythm at clinical presentation. Survival at one and three years of patients with poorly tolerated arrhythmias induced at electrophysiological study during amiodarone treatment were similar to our results (75% v 70%, and 70% v 62% respectively).
LIMITATIONS OF OUR STUDY
The optimal time to assess the role of the electrophysiological study in patients treated with amiodarone because of life threatening arrhythmias with coronary artery disease is still controversial. The pharmacokinetic profile of amiodarone is unusual and not fully understood, making it difficult to determine when steady state is achieved with this agent. '7 18 The value of early electrophysiological studies in patients taking amiodarone for 10 to 14 days in predicting outcome from ventricular tachyarrhythmias in coronary artery disease has been reported by Manolis et al."1 However, since clinical practice suggests that it may take several weeks of amiodarone loading before full clinical efficacy can be established,'7 18 we selected a period of one month of amiodarone treatment to evaluate the role of the electrophysiological study in predicting outcome.
Our study is a retrospective one, from a tertiary referral centre with a limited number of patients. To be admitted to the study the patient had to be on amiodarone for at least one month, thereby excluding patients dying early after the onset of their arrhythmia. This may explain why, in contrast to previous studies,1920 we did not find that clinical variables such as (1) a time interval of < 2 months between myocardial infarction and the first episode of sustained ventricular arrhythmia, (2) syncope during the presenting arrhythmia, (3) presence of multiple myocardial infarctions, or (4) location of myocardial infarction (anterior v inferior) were of value in predicting risk of sudden death during follow up.
Another limitation of our study was that only 14 patients underwent baseline electrophysiological examination. This feature is explained by the fact that the majority of our patients were already on amiodarone treatment when referred to our hospital.
CONCLUSIONS
Our retrospective study suggests that in patients receiving amiodarone because of life threatening ventricular arrhythmias after myocardial infarction, the inducibility of ventricular fibrillation, but not of a sustained monomorphic ventricular tachycardia, indicates a high risk of dying suddenly. We believe that this finding should now be evaluated prospectively. It might be of help in selecting patients for non-pharmacological treatment.
